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PRELIMINARY IJ!NESTIGATION AT SUBSONIC A N D .  TRMSONIC 

SPEEDS OF TEE AEXODYNAMIC CEKRACXPERISTICS 

OF A BIPLANE C O ”  O F  A SWE€TBACK 

AND A SWEFTFORWAED WING 

By Jones F. C a h i l l  and Dexter H. Stead 

A prelhinary  investigation a t  subsonic and transonic speeds has 
been made of the aerodynamic characteristics of a wing-body conftgura- 
t ion designated as a swept biplane which is composed of a sweptback and 
a sweptforward wing joined at  the  tips.  Results show that a configura- 
t ion of this plan form prevents the abrupt pitch-up narmally encountered 
on monoplane swept wings. Drag data obtained at l i f t  coefficients of 0 
and 0.15 on a biplane  configuration having airfoil   sections 4 percent 
thick show that the drag coefficients at transonic speeds are approxi- 
mately  equal t o  those of a monoplane wing having the same sweep angle, 
aspect  ratio, and taper  ratio  with  airfoil   sections 6 percent  thick. 
Measurements  of s t resses   in  a similar biplane model  have sham, however, 
that the   s t resses   in  the 4-percent-thick  biplane are considerably higher 
than  those i n  the 6-percent-thick monoplane and that the biplane  requires 
sections  approxhately 8 t o  10 percent  thick i n  order t o  provide equa3. 
stresses. 

INTRODUCTION 

The use of a biplane composed of a sweptback and a sweptforward 
wing joined a t  the t ip s  has been suggested as a possible mew fo r  
avoiding some of the  diff icul t ies  encountered with swept w i n g s .  The 
most appealing  aspect of this wing arrangement i s  the  possibil i ty that 
the flaw field behind the forward (sweptback) wing might influence the 
loading on the rem wing i n  such a way as t o  prevent.gitch-up. As a 
partial   justif ication  for  tbis.conjecture,  it can be seen that, if  the 
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forward wing i s  attached  *-the  top of the fuselage and the  rear win@; t o  
the bottom, the  location of the rear wing root i s  similar t o  the low 
horizontal-tail  locations which  have  been found effective in redxcing 
pitch-up  tendencies on  swept-wing monoplanes. The possibility exists, 
however, that the use of such a configuration having two wing-fuselage 
junctures and requiring an  attacbment - b e t w e e n  the two wings might result  
i n  drag coefficients  appreciably higher than  those of a monoplane swept- 
wing configuration. 

9 -  

In order t o  obtain a preliminary  indication of the characteristics 
of this type of wing arrangement which i s  designated as a swept biplane, 
an investigation has been conducted at subsonic and transonic speeds i n  
the Langley low-turbulence pressure  tunnel and i n  the 2 6 - i ~ h  Langley 
transonic blowdown tunnel on two swept biplase models having an aspect 
ra t io  of 4, a taper  ratio of  0.6, and w i t h  the leading edge  of the  for- 
ward wing swept  back 45O and the  trail ing edge  of the rearward wing 
swept- forward 45O. The aspect  ratio i s  defined on the basis of the 
combined area of both wings. 

The results of this investigation  are  presented i n  the form of 
standard nondimensiod  coefficienta. A list of eymbols used i n  the 
present  paper is presented  as  follows : 

a angle of attack, deg 

P angle of sideslip, deg 

CL 

CD 

l i f t  coefficient-, - rii f t 
ss 

drag coefficient, - Drag 
qs 

rolling-mament coefficient, Rolling mment 
clSb 

Crn pitching-moment coefficient, 
p i t a n @ ;  m-nt; moments 

qse 
measured about axes at-0.181~  for monoplane and 
at o . 3 6 0 ~  for  jiplane 

C 
2P 

effective dihedral parameter a t  p = Oo, dCz/dp 
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¶ aynamic pressure,  lb/sq  in. 

s t o t a l  area of both -6, sq in. 
E mean aerodynamic chord, in.; two wings are  considered 

as a unit 

b wing span 

X distance between apexes of front and rear wing of 
biplane a t  center  line 

A aspect ratio, b2/S 

x taper ratio 

M Mach  number 

R Reynolds  number, based on mean aerodynamic chord 
of a single wing 

Two models  were used in  this investigation, each having an aspect 
ra t io  of 4, a taper   ra t io  of 0.6, and with the leading edge of the for- 
w a r d  wing swept back 45' and the t ra i l ing  edge of the rearward wing 
swept forward 4 5 O .  The aspect  ratio i s  defined on the  basis of the 
cmbined  area of the two wings. 

A rather crude model  (model A) was constructed f o r  exgloratory tes ts  
at subsonic  speeds in   the  Laagley low-turbulence  pressure  tunnel. 
Freon-12 was used as a testing medium i n  order t o   a t t a in  high subsonic 
Mach  numbers i n  these  tests. Photographs of model A are sham i n  f ig-  
ure 1 and a drawing sharing  the details is presented- i n  figure 2. The 
wings were made from 1/8-inch-thick steel p la t e  with the leading edges 
arbi t rar i ly  rounded and the  trail ing edges beveledto-  a sharp edge. 
The 1/8-inch  thickness  provided a thickness  ratio of 4.0 percent at the 
root and 6.6 percent at the  t ip.  The two wings were-attached t o  the 
top and bottom of a body of revolution  as s h m  in figure 2. The t ip s  
of the wings were welded together and resulted in  the formation of a 
sharp V at  the  juncture.  Fairings were added t o  cover the sharp dis- 
continuities  at  the wing-fuselage  junctures,  but no attempt was made to 
design e f f i c i en t   f i l l e t s .  L i f t ,  drag, and pitching moments were  meas- 
ured f o r  thirj model through a range of l i f t  coefficients up t o  approxi- 
mately 0.9 a t  Mach numbers of 0.2, 0.76, and 0.9 and roll ing moments 



4 

were  measured through  a  range of sideslip angle frm -7O to-60 for sev- 
eral angles of attack at a Mach  number  of 0.8:. " . 

Photographs and. a drawing of model B,. constructed fo r  tests at tran- 
sonic speeds in  the.-26-inch Langley transonic blowdown tunnel, are sham 
i n  figures 3 and 4, respectively. The fuselage of this model was con- 
structed  with a nearly  rectangular  cross  section i n  order t o  provide 
approximately perpendicular  junctures at the wing-fuselage intersections 
without f i l l e t s .  The  body sides only were modified in  accordance with the 
transonic  area  rule  (ref. 1) i n  order  to.provi.de a constant  value of the 
t o t a l  cross-sectional  area of wing and fuselage f rm- the   r ea r  of the body 
nose section  to the base of the body.  The two w i n g s  for each side of the 
model were constructed i n  a singlt.-piece and bent around a 3/16-inch 
diameter at the tips, thus providing a separation betwgen the w i n g e  of 
approximately five tjmes the wing thickness. The wings had NACA 65~004 
airfoil   sections and bad no twist o r  incidence with respect  to  the bcdy 
center  line. Tests were made of  model B i n  the 26-inch Langley transonic 
blowdm-.tunael  to determine the drag at l i f t  -c&fYicients of 0 and 0..15 
through a range of Mach number from 0.7 to-1.27. The Reynolds numbers 
corresponding t o  these Mach numbers varied from appro-tely 1 .O x lo6 
t o  1.2 x 106. 

Data from the Langley low-turbulence pressure  tunnel have been cor- 
rected f o r  tunnel blockage and boundary-induced upwash -effects. These 
data were then  converted from Freon-12 t o  air conditions by the method 
presented i n  reference  2,. For all data  presented,  the chord forces have 
been adjusted t o  the  condition of free-stream s t a t i c  pressure on the 
base. No j e t  boundary corrections have  been applied to   the data obtained 
i n  the 26-inch Langley transonic blowdown tunnel inasmuch a6 the  fnvesti- 
gation o f  reference- 3 has shown that, for modeIs of the  size  tested,  the 
boundary effects are very small except for reflected shocks. Reflections 
of the body baw wave. were obseived t o  strtke %&-&del forward of the 
body base at Mach numbers between about 1 .Ok and 1.19. Drag  measurements 
were made at .only one  Mach number within this range (M = 1 .l5). It is 
believed that the drag coefficients  presented a t  this Mach nmber axe not 
greatly affectEd,by%he r*flec€ed shock because the model has no boattail  
and because the-choi-d force has been adfGted t o  the condition of free- 
stream s t a t i c  pressure on the  base. . .  

Subsonic Tests 

Lift,  drag, ana- pitchigg-moment data ob75ained frqa .subsonic tests .  
of model A i n  the -ley low-turbulence pressure  tunnel are presented 
in   f igure 5 for Mach numbers of 0.2, 0.76, and 0.9. Pitching+mment 

.. 
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data  are  sham in figure 5(a) f o r  a monoplane  swept w i n g  having the same 
sweep angle, aspect  ratio, and taper r a t i o  as  the  biplane model (data 
taken from.ref. 4 and unpublished low-speed data). A caparison of these 
&%a shows that no pitch-up was obtained for the  biplane model at any of 
the Mach numbers tested, whereas =table  pitching moments were measured 
for  the monoplane  model a t  l i f t  coefficients above about 0.6. Although 
the  pitching moments  of the biplane model are not b e a r  in  any of the 
cases sham, the  nonlinearities observed are  considered t o  be  of  minor 
hgortance i n  comparison with the violent  pitch-up  obMned f o r  the M ~ O -  
plane swept wing. These d a t a  are presented f o r  mapent axes located 
at 0.181~ for the monoplane  swept wing and at  $ .O .percent of the total 
wing length  (distance between the  front and rear apexes a t  the body 
center  l ine)  for the biplane wing. These moment axes provide a minFrmnn 
value of the  s ta t ic  margin of -0.05 at low l i f t  coefficients fo r  each 
model. It should be noted that the s tab i l i ty  of the  biplane at low l i f t  
coefficients shows a decrease as the Mach number is increased in contrast 
t o  the conventional  increase shown by the monqplane wing. The minimum 
value of the  s ta t ic  margin wed, therefore, occurs a t  a Mach number 
of 0.9 for  the  biplane and a t  0.2 for  the monoplane. 

The explanation of the  lack of pitch-up on the  biplane  configwatim 
can  probably be found in an  examination of the model geometry  and the 
effects of the flaw field behind the forward wing on the loading of the 
rear wing. Severe tig  separation  yould be expected on the forward wing 
and 8.n examination  of tufts on model A confirmed tMs expectation. This 
loss in  load a t  the t i p  carmot result  in large  pitch-up  tendencies, how- 
ever,  since  the t i p  i s  near the moment center of the configuration. The 
rear w i n g  is, i n  general, i n  the dawnwash field of the  front w i n g  so 
that its  angle of attack i s  generally less than that of the forward wing 
and, therefore, it would be expected t o  s t a l l  at &-higher model angle of 
attack. The vortices shed from the forward wing also contribute a lat- 
eral camponent t o  the flow- over the rear wing  which opposes the  spawise 
flow in   t he  boundary layer b a r d  the  root of the  rear wing  and, there- 
fore, also tends t o  delay the premature stall usually encountered a t  the 
root of sweptforward wings. The primary  factor  contributing t o  the pre- 
vention of pitch-up on this configuration, however, is probably a phe- 
nomenon s imilar   to  that observed for  low horizontal tails behind swept- 
back w i n g s .  Since the center of the principal trai3Lr.g vortex shed from 
a swept wing follows a path approximately paral le l  t o  the flow direction, 
increases i n  angle of attack move the center of the vortex and its asso- 
ciated  large downwash angles  progressively  farther from the rearmost  por- 
t i ons  of the rear wing. This variation of downwash angle w i t h  angle of 
attack  permits the rear wing (or  a low horizontal tail) to provide a 
large  stabilizing  contribution t o  the  pitching moment. 

The l i f t  and drag data (figs.  5(b) and (c)) show that the lift-curve 
slope is  considerably lower and-the drag coefficients  are  considerably 
higher fo r  the biplane  configuration than would be. expected f o r  a monoplane 
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swept wing having _the same  sweep angle and aspect ratio.  (See ref.  4. ) 
These differences are-at t r ibuted-principay to the inefficient airfoil 
section and t o  the aerodynamically poor Junctures a t  the  tips and at the 
wing-fuselage Fntersectiog of the .mRdel A biplane. Model By unlike 
model A, was  designed with smooth junctures &d with  =.efficient air- 
foi l   sect ion.  Drag data  for model B at l i f t  coefficients of 0 and 0.15 
are  presented in  a  later Fection of this paper. - 

Effective dihedral daka C , obtained f'rm measurements of rolling- 
mcment coefficients - for  sideslip amgles from -7O to 60 at a Mach nmber 
of 0.8, are sham i n  figure 6. These data show a low stable value of Czp 
of approximately -0.00075 except f o r  l i f t  coefficients between 0.6 and 0.8 
where CzP  becmes  glightly  unstable. F6r this range of l i f t  coeffi- 
cient, the value of C z  was positive only fbr sideslip angles from -40 
t o  bo, beyond  which a  stable  slope was observed. Data from reference 5 
for a monoplane swept wing having the same sweep angle and aspect ratio 
us the biplane wing, on the  other hand, show a  variation of from 0 

at zero l i f t  t o  -0.002 at a l i f t  coefficient oF0.4 and then an increase 
t o  a positive value a t  a l i f t  caefficient of 0.75 followed by a return 
t o  stable  values. The small  variation of C z  with l i f t  coefficient 
f o r  the  biplane  indicates that the variations caused by the sweptback 
and the  sweptforwqd wing tend t o  compensate for each other. It would 
be expected that any desirable value of - C  could be attained by the 
use of geometric dib-dral on the  biplane and that thia dihedral effect 
would shoW Only a small variation through the.l if%-coefficiat  range. 

( ZP> 

P 

P 

ZP 

Transonic Tests 

The purpose _of tests on m0deL.B waa  t o  determine the drag  character- 
i s t i c s  of this type of w i n g  configuration  at  transonic speeds. The design 
of model B w a s  based on the assuqt ion twt a large  structural advantage 
would r e s u t  from tb-attachmentof the two w i n g s  a t  the t i p s  and, there- 
fo re ,  permit the me of airfoil   sections having thickness  ratios  less than 
those  required f o r  a monoplane swept wing having the same sweep angle and 
aspect ra t io .  An analysis of urrpublished data obtained by the Langley 
Structures Research Division on stress measurements for a biplane model 
s b U . a r  to the te-st model shows, however, that stresses i n  the  4-percent- 
thick  biplane are cogsiderably  higher thEtn those in  the 6-percent-thick 
monoplane used f o r  campasison purposes and that .:&foil sections approld- 
mately 8 to 10 percent  thick would be .required t o  provide  equal  stresses. 
The small structural advastage which actually  exists for the  biplane-can- 
figuration, therefore,  consists of a decrease in the volume of structure 
required to provideequal  stresses in solid wings. The high stressea in 
the  4-percent-thick wings made $t n e c e a s e  tb iimit tests of this model 
t o  low angles of attack. 

- 

- 
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D r a g  coefficients measured a t  zero lift and at a lift coefficient 
of 0.15 for  the model B biplane are presented in  fi-gure 7. These data 
have been compared with results obtained for  a model of a monoplane 45O 
eweptback w i n g  that is 6 percent thick and has an aspect  ratio of 4, a 
taper r a t i o  of 0.6, and a body indentation which provided a constant 
value of t o t a l  cross-sectional area frm the  rear of the body nose sec- 
t ion t o  the  base  (ref. 6 ) .  These data show that the drag coefficients 
of the bpercent-thick  biplane w t n g  a t  transonic speeds are very nearly 
equal t o  those of the  6-percent-thick monop la ,ne  w i n g  a t  both l i f t  coef- 
ficients.  Although &se data appear to  indicate a hfgher value of drag 
due t o  l i f t  for  the  biplane madel at subsonic  speeds, pr-ily 88 a 
result of a lower zero-lif t  drag coefficient, it is believed that the 
difference in level of zero-lift drag coefficient between the two con- 
figurations is paztially a result  of probable differences in   t ransi t ion 
location on the two test models. In any event, the data obtained on 
model B i n  the present  investigation do not cover a l u g e  enough lift- 
coefficient range t o  provide an ade&ate evaluation of drag due t o  l i f t ,  
and it would be expected, on the basis of subsonic  biplane  theory, tht 
the induced drag of the biplane would be sl ightly less than that of a 
monoplane  swept w i n g  having the same span-loading and flying at the sane 
speed. 

As pointed out  previously, the ccmparison sham in  figure 7 i s  not 
a true comparison of the drags of structurally  cmarable  airplanes 
having biplane and monoplane wings and some increase i n  drag would be 
anticipated as a resul t  of using the  thicker sections required  to make 
the stresses   in  the -biplane equal t o  those i n  the monoplane. However, 
data, presented in references 7 and 8 show that, by application of the 
transonic area rule, swept wing-body combinations hitvFng wing thickness 
ratios of the order of magnitude required fo r  the biplane  configuration 
cen be designed t o  give  very low pressure d r a g s  at  transonic and low 
supersonic speeds. For the particular case sham Sn reference 8, the 
minim- drag coefficient was increased by only 0.007 (from 0.012 t o  0.019) 
by a n  increase i n  Mach  number from 0.8 t o  1.10 for  a wing-body combina- 
t ion  ha- wing thickness  ratios which varied  across  the span from 
I 2  percent  to 3 percent. It is likely,  therefore, that proper  applica- 
t ion of the area rule can p&LaUy compensate f o r  increased drag r i se  
of the  higher  thickness ratios of the btplane configuration.  Since  the 
chord of each of the  biplane wings is only half that of the monoplane 
wing used for  comparison purposes, application of the area rule results 
i n  smaller bo& Fndkritktions than those  required f o r  the monoplane. 
This fac t  might permit i n  some cases  the  use of basic body shapes having 
smaller  frontal axeas for  the biplane  configuration. 
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In  addition t o  the  prevention of pitch-up obtaFned with this con- 
figuration,  indlcations of several  otherpossible advantages can be 
found from the geometry of the  configuration and from stress  measure- 
ments. Because  of its long forward and rearward Length, this wing  
arrangement seem  peticularly  sulted  for use on tailless  airplanes; 
pitch damping should be high and controls  near  the  root of the rear 
wing could  provide 16iiitudinal  control. The use of - high-lift flaps 
on the forward w i n g  would require  positive  elevator loads f o r  trirmning 
and, therefore, produce. increases in   t rhmed maximum lift; since-most 
of the area of the foiward wing is ahead of.probable  center-of-gravity 
locatione. The effectiveness of ailerons on the rear w i n g  should be 
maintained up t o  very high l i f t  coefficients  since an examination of 
tufts on model A a t  l& speeds showed that the  tip  regions of the rear 
wing remained completely  unseparated up t o  the  highest  angles of -attack 
investigated (280). A n  examination .of deflections  occurring i n  the - 

structural  model investigated-shows that  the biplane  configuration 
having airfoil   sections 8 t o  10 percent  thick should provide aeroelastic 
distortions  smdler than those of the monophne  swept wing having sec- 
tions 6 percent thick. 

A preliminary  investigation at subsonic and transonic speeds has 
been made of the aerodynamic characteristics of a wing-body configura- 
t ion  designated a s  a swept biplane which is composed of a sweptback  and 
a sweptforward wing jsined a t  the  tips.  Results show that a configura- 
tfon of-this plan form prevents. the  abrupt  pitch-up normally encount- 
ered on  monoplane  swep-t; wlngs. Drag data obtained a t  lift coefficients 
of 0 and 0.15 on a.biplane  'configuration having a i r f o i l  sections 4 per- 
cent  thick shar that  the &ag coefficients  at  transonic speeds are 
approxha-tely equa l= to  those of a monoplane wing having the same sweep 
angle,  aspect  ratio, and taper  ratio  with  airfoil  sections 6 percent 
thick. Measurements-of stresses  in  a similar biplane model,  however, 
show that the stresses  - in the bpercent-thick  biplane  are  considerably 
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higher than those  the  6-percent-thick lmxloplane and that the biplane 
requires  sections  approximate 8 to 10 percent  thick-in order t o  pro- 
vide equal stresses. 

Langley Aeronautical  Laboratory, 
National Advisory Connnittee for Aeronautics, 

Lmgley  Field, Va., December 10, 1953. 
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Figure 1.- Photographs of swept biplane, model A. 
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' Figure 2.- Drawing of wept biplane, model A. Dfmensiona are in inches 
unless otherwise noted. 
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Figure 3.- Photographs of swept biplane, model B. 



. . . . . . . . . . . .  . . . .. . ..... ~ . . . . .. 

Figure 4. - DrawLng of S w e p t  biplane, model B. Dhnsions  are in inches 
unless othemTse noted. 
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(a) Pitching maned. 

Figure 5.- Subsonic aeroaynamic characteristics of swept biplane-fuselage 
combination (model A) . 
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Figure 7.- Continuea. 
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Figure 5.- Concludea. 

.. . . 



. . . . . . .  - .  . - . . . . . . . . . . . . . . . .  . -  

.oa4 

.002 

. o  

- .02  

- . . . . . . . . . . . . . . . . .  

- .2 0 .2 .4 .6 .8 1.0 1.2 

L i f t  coefficient, % F 

Figure 6.- Variation of effective dihedral parameter Cz with lift B 
coefficient for swept biplane-fuselage combination (model A ) .  Mach 
number, 0.8. 
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Figure 7.- Variation of drag coefficient wlth Mach number for swept 
biplane-fuselage combination ( W e 1  B) . 
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